This issue features an article by Lynch, Shivers and colleagues (pages 227-238) which presents a novel, cell-permeable cysteine protease inhibitor, boc-aspartyl(OMe)-fluoromethylketone (boc-Asp-CH 2 F, abbreviated BAF). This inhibitor is an important new tool available to the research community and may represent a harbinger of a new class of chemicals useful in the treatment of human disease. In order to understand the value of BAF, we need to take a step back and examine the current concepts on the role of apoptosis in human disease.
Although cell death has long been noted as a part of remained intact, but the chromatin condensed, the nucleus broke up into segments and the cell ultimately development, studies of apoptosis in nematodes set the framework for the current explosion of research into extruded these nuclear segments. 7 Because the dying cells extruded their nuclei, they coined the term, mechanisms of cell death. [1] [2] [3] Horvitz and colleagues identified three genes, CED-3, CED-4 and CED-9 which apoptosis, which is derived from a Greek word describing the process of leaves falling from the trees or petals regulate programmed cell death in nematodes ( Figure  1 ). [1] [2] [3] This seemingly obscure research in nematode falling from flowers. 6 These morphological changes differ greatly from the changes seen in cells dying via necbiology rapidly took on a great deal of medical importance when investigators found that the mammalian rotic mechanisms due to acute cellular injury, such as osmotic shock, in which the cell swells and membrane homologue of CED-9 is an oncogene termed bcl-2, which prevents apoptosis upon overexpression. 4 The integrity is rapidly lost while the nucleus remains largely intact. 8 The categories of necrosis and apoptosis mammalian homologue of CED-4 remains unknown, but the mammalian homologue of CED-3 turned out to have turned out to be very useful in the study of mammalian biology and human disease. be the interleukin-1␤ converting enzyme, termed ICE, which had been cloned previously.
5 Both bcl-2 and ICE Apoptosis can be observed in our bodies at every stage of our life cycle. During development, apoptotic are members of a family of related proteins, which are described below, however the existence of mammalian processes sculpt our body, by eliminating unwanted tissues such as the webbing between our fingers or by genes controlling programmed cell death fits well with the budding concept of apoptosis which had been trimming down the number of sympathetic neurons to fit the number of available target sites. During developcoined by the pathologists Kerr, Wyllie and Currie. 6, 7 These investigators observed that cell death in the ment, for instance, up to 50% of motoneurons die before birth as the neurons compete for trophic support adrenal cortex followed a distinct morphological pattern in which the plasma membrane of the cells provided by muscles, which are the target tissue. 9, 10 During adult life, apoptotic processes protect us against disease by killing off cells that have sustained DNA damage rendering them potentially oncogenic, or cells that harbor viruses. One good example of this is the skin that peels off our bodies following sunburn. Ultraviolet light from the sun activates apoptosis which kills the damaged skin cells thereby preventing formation of a much more dangerous skin cancer which could result from the DNA damage. 11 In fact, apoptosis is a primary defense against cancer formation throughout our lives rise to premature death. 8 Apoptosis has been implicated in a variety of diseases ranging from AIDS to Alzheimer's disease. 8 In AIDS, HIV infection of T cells T cell population. 8 In Parkinson's disease accumu-lation of toxins is thought to impair mitochondrial receptors that produces the opposite effect and activates apoptosis which kills the cell ( Figure 2 ). 18 Actifunction leading to free radical production and apoptosis. 13 In Alzheimer's disease mutations in prevation of these receptors stimulates production of free radicals as well as production of a second messenger senilin 2 cause a constitutive activation of an apoptotic pathway, which might lead to increased rates of termed ceramide, both of which appear to stimulate the apoptotic pathway. This pathway includes a number of apoptosis and neuronal loss that are detected in the post mortem Alzheimer brain. 14, 15 Apoptosis may also kinases such as MEKK 3 and 4, stress-activated protein kinase (SAPK) and the MAPK homologue p38. 19 In play a role in the delayed response of our brains to ischemic insults. Recent studies of glutamate-mediated neurons, these agents phosphorylate the transcription factors jun, IRF and ATF which then stimulate tranexcitotoxicity have shown that many neurons that survive a primary excitotoxic insult mediated by glutascription of the cysteine proteases and calcium-dependent endonucleases that are an essential element of mate, such as occurs in ischemia, subsequently die via apoptosis for reasons that remain unclear. 16 Thus, apoptosis (interestingly, transcription is not necessary for apoptosis in lymphocytes which constitutively apoptosis, which aids our development and protects us against cancer, also contributes to our demise. express cysteine proteases). These cysteine proteases are the target of Shivers' new protease inhibitor, BAF. The cellular machinery that contributes to apoptosis is being increasingly understood. A simplified way of One of the exciting features of the apoptotic process is that only selected enzymes are activated during the conceptualizing the apoptotic process is to divide the cellular signal transduction pathways mediated by process and, hence, blockade of these enzymes can prevent cell death and offers potential points of chemical tyrosine kinases along two lines, one pathway regulating growth or differentiation and another pathway intervention that might yield a therapeutically useful drug. regulating apoptosis (Figure 2 ). Binding of a growth factor, such as epidermal growth factor or nerve growth
The cysteine proteases were one of the first enzymes involved in apoptosis for which specific inhibitors factor activates a receptor-linked tyrosine kinase which autophosphorylates on tyrosines and initiates a caswere developed. 5 As mentioned earlier, the first gene to be identified that coded for a cysteine protease cade of events leading to growth or differentiation. A series of intermediate enzymes, such as ras, phosphoinvolved in apoptosis was the CED-3 gene in nematodes. Deletion of CED-3 prevented apoptosis in the lipase C␥ or phosphoinositide 3-kinase bind to the activated receptor and each stimulate a complex chain of developing nematode and transfection of the gene into a variety of cells induces apoptosis. 2,3 The mammalian signal transduction events leading to the changes in gene transcription and cellular homeostasis that prohomologue of CED-3 is interleukin-1␤-converting enzyme (ICE). 5 Although ICE was initially identified by duce growth or differentiation (Figure 2) . 17 On the other hand, some hormones, such as tumor necrosis its ability to cleave interleukin-1␤, its role in apoptosis suggests a broader function for the protease. 5,20 In factor and fas-ligand, bind to a family of homologous Figure 2 Pathway of growth, differentiation and apoptosis in mammalian cells. Hormones, such as nerve or epidermal growth factor activate growth-promoting tyrosine kinase-linked receptors that stimulate a cascade of events leading to growth or differentiation (narrow arrows). Other hormones, such as fas-ligand and tumor necrosis factor-␣ activate receptors that stimulate ceramide production and activate the stress-activated protein kinases (SAPK) leading to apoptosis (thick arrows). Bcl-2 and its homologue Bcl-X can inhibit this process (blunt end line). In addition, ceramide appears to inhibit the growth and differentiation pathways (blunt end line).
addition, there are a number of other cysteine proteases which protease is acting in the particular system in question. As the affinities of BAF for the known cystthat are homologues of ICE, including CPP32, ICh-1 and Nedd2. [20] [21] [22] These cysteine proteases can be eine proteases become known, investigators may also use the dose response curve of BAF to help identify inhibited by cysteine-directed alkylating agents, such as E64 and ethylmalaimide. However, more specific which cysteine protease(s) is rate limiting for the physiological system in question. All studies perforinhibitors of ICE and CPP32 were identified based upon the amino-acid sequence of the cysteine protease med with BAF are aided by the good cellular permeability of this compound which means investigators substrates poly-(ADP-ribose) polymerase and prointerleukin 1␤. 5, 20 The peptide Ac-YVAD-CHO, which can use living cells rather than cellular extracts. Finally, and perhaps most importantly, BAF may be a resembles the poly-(ADP-ribose) polymerase cleavage site, was found to inhibit the activity of ICE in vitro, harbinger of a novel class of drugs focusing on apoptosis. while Ac-DVED-CHO inhibits CPP32. 20 These two peptide inhibitors have been widely used by researchers Before leaving the issue of apoptosis, I would like to point out one avenue of research that may become of apoptosis to examine the role of cysteine proteases in apoptosis, being used to dissect the sequence of actiincreasingly important for neuropsychiatric researchers. Neuroscientists are only just beginning to vation of cysteine proteases and to show that activation of ICE is necessary for apoptosis in a variety of cells understand the process of apoptosis in neurons and how this process differs from that in a lymphocyte. The including motor neurons and monocytes.
5,23,24 Though useful as research tools, application of these peptide nucleus of a lymphocyte occupies a large portion of the cellular volume and hence changes in the nucleus and inhibitors is limited because their ability to enter living cells or to cross the blood-brain barrier is poor. Use of immediate surrounding cytoplasm determine the immediate fate of the cell. In contrast, the nucleus is high doses of the peptide inhibitors circumvents the cell permeability problem but the solution is not often only a small part of the volume of a neuron, and what occurs in the nucleus may not have immediate elegant and is certainly no solution to getting past the blood-brain barrier.
impact on a synapse, which can be up to one meter distant. Conversely, it can be argued that synaptic conBrenda Shivers and colleagues have chosen the cysteine proteases as the target of their drug design strattacts are the key element of brain function and loss of synapses may be the critical feature of the deterioration egy. The cysteine proteases share a conserved pentapeptide region (QACRG) surrounding the active site that occurs in neurodegenerative illnesses. 25 In this context, it is worth noting that the cysteine proteases and cleave their substrates at positions adjacent to aspartate residues (Lynch et al, this issue). Realizing act on cytoplasmic substrates, such as actin, and thus they could influence synaptic functioning in addition this high degree of conserved sequence specificity, Shivers and colleagues designed an inhibitor, bocto nuclear functioning. Moreover, the actions of SAPK and related kinases on synaptic activity are only now aspartyl(OMe)-fluoromethylketone (boc-Asp-CH 2 F, abbreviated BAF), which focuses specifically on the beginning to be explored and they may have effects throughout the neuron. Thus, dissection of the biology aspartate residue. Being smaller than the tetrapeptide inhibitors mentioned above, BAF is relatively cell-perof the enzymes involved in apoptosis may yield a story line in neurons that differs significantly from what has meable, blocking apoptosis at 10 M, which is more than 10-fold less than required for the tetrapeptide been identified in lymphocytes. Stay tuned. inhibitors. The system that Shivers' team used was cerebellar granule cells, which undergo apoptosis when B Wolozin the cells are deprived of depolarizing levels of extraDept of Pharmacology cellular calcium. BAF potently blocked apoptosis in Loyola University Medical Center these cells induced by potassium deprivation. The Maywood, IL 60153, USA mechanism of protection is presumably protease inhibition. Unfortunately, because BAF is capable of References inhibiting many cysteine proteases, this study was not able to identify the exact mechanism of protection, proteases, as expected. proteases are important without prior knowledge of
